Serum deprivation induces apoptotic cell death of transformed rat retinal ganglion cells via mitochondrial signaling pathways.
Apoptosis-related signaling pathways were investigated in a cultured rat retinal ganglion cell (RGC-5) line deprived of growth factors after serum withdrawal from the culture medium. RGC-5 cells were subjected to serum deprivation for 2 to 6 days and compared with RGC-5 cells cultured in growth medium containing 10% fetal calf serum. Cell viability was determined by a neutral red dye uptake assay. Apoptosis of RGC-5 cells was established by DNA laddering. The expression of various apoptosis-related genes was investigated by immunoblot analysis, and or reverse transcription polymerase chain reaction (RT-PCR) analysis. The redox state of the cell was determined by biochemical methods, including NF-kappaB binding activity by electrophoretic mobility gel shift assays (EMSA) and mitochondrial damage by JC-1 (5,5', 6,6'-tetrachloro 1,1',3,3'-tetraethylbenzimidazolyl-carbocyanine iodide) staining, using live cell confocal microscopy and cytosolic release of cytochrome c. Fifty percent cell loss was evident after 2 days of serum deprivation, as demonstrated by neutral red dye uptake assay. This cell loss was due to apoptotic cell death, as established by DNA laddering. The oxidative state of serum-deprived RGC-5 cells was perturbed as suggested by the increase in malonyldialdehyde (MDA) and a decrease in reduced glutathione (GSH) levels in cell lysates. The apoptosis of the RGC-5 cells was associated with the activation of caspase-3, -8, and -9, and increased levels of Bax with corresponding decreases in Bcl-2 levels and NF-kappaB (NF-kappaB) binding activity. Serum deprivation was also associated with a loss of mitochondrial function, as revealed by cytosolic release of cytochrome c and JC-1 staining of mitochondria of dying RGC-5 cells. Taken together, these results indicate that serum withdrawal induces apoptotic cell death in RGC-5 cells via mitochondrial pathways. These studies lead to the speculation that growth factor deprivation arising from blockade of retrograde transport of neurotrophins may involve similar mechanism(s) of retinal ganglion cell death in glaucoma.